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REMARKS 



Claims 1, 4, 6, 19, 21, 31, 36, 38, 39 and 59-88 are pending. 
Rejection Under 35 U.S.C. §103(a) 

Claims 1, 4, 6, 19, 21, 31, 36, 38, 39 and 59-88 are rejected under 35 U.S.C. §103(a) as 

allegedly being unpatentable over Bolognesi et al. (1995), Barney et al. (2001) in view of Sivam 

et al. (1992) and Narazaki et al. (1996). According to the Office Action, 

It would have been prima facie obvious to one having ordinary skill in the 
art at the time the invention was made to prepare conjugates comprising DP- 178 
and derivatives thereof, as taught by Bolognesi et al. (1995) and Barney et al. 
(2001) and HSA, as provided by Sivam et al. (1992), since Sivam and colleagues 
teach that protein:HSA conjugates have improved properties such as increased 
half-lives and greater solubilities. Moreover, one of ordinary skill in the art 
would have been motivated to utilize Cys34, as identified by Narazaki et al. 
(1996), since this amino acid is located on the surface of the protein and is readily 
available for conjugation. One of ordinary skill in the art would also have been 
motivated to use a maleimide linker as disclosed by Sivam et al. (1992), since this 
represents a routine method for preparing thio compounds that readily react with 
Cys34 as identified by Narazaki and colleagues. Thus, motivation and reasonable 
expectation of success were present in the prior art. 

Applicants respectfully traverse this rejection. None of the references cited in the Office 
Action teach or suggest the combination of an antifusogenic peptide such as DP-178, or an 
analog thereof, conjugated to albumin. 

The assertions made in the Office Action improperly assume that the disclosure by 
Sivam et al. of increased half life and increased solubility obtained with albumin conjugates 
would motivate a skilled artisan to prepare conjugates of any protein, including an antifusogenic 
peptide such as DP-178 and analogs thereof, with albumin. This assumption is incorrect in view 
of the knowledge in the art at the time of filing regarding antifusogenic peptides. 
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Sivam et al. generally disclose a therapeutic protein conjugated to albumin. Exemplary 
proteins disclosed by Sivam et al. are mostly large molecules such as immunoconjugates, 
receptors, lymphokines, etc. See column 4, line 65 to column 5, line 12. For example, a specific 
albumin conjugate disclosed by Sivam et al. includes an antibody fragment, a protein toxin and 
human serum albumin. Thus, the size of the overall conjugate does not appear to be a limiting 
factor for biological activity of the therapeutic proteins disclosed by Sivam et al. 

However, the knowledge in the art at the time of filing for antifusogenic peptides 
suggested that the size and shape of an antifusogenic peptide is important for antiviral activity. 
For example, Shugars et al. (1996) Journal of Virology 70(5):2982-2991 (provided herewith as 
Exhibit A), discuss the importance of the shape and size of antifusogenic peptides for biological 
activity. In order to study oligomerization of antifusogenic peptides, Shugars et al. fused an 
antifusogenic peptide (DP- 107) to maltose binding protein (MBP). Shugars et al. report that 
while the antifusogenic peptide alone had biological activity, fusion proteins of the antifusogenic 
peptide and MBP did not have biological activity. Shugars et al. conclude that ''these results 
were not unexpected since the MBP carrier represents approximately 90% of the total protein 
mass and may sterically hinder the accessibility of the gp41 region for its target." {emphasis 
added). MBP is a protein having a molecular weight of about 44 kDa. Albumin has a molecular 
weight of about 77 kDa. Thus, based on the knowledge in the art at the time of filing, a skilled 
artisan would not be motivated to conjugate an antifusogenic peptide such as DP- 178, and 
analogs thereof, to a protein the size of MBP, much less a protein such as albumin that is almost 
double the size of MBP. In addition, there would be no reasonable expectation that such a 
conjugate would retain the biological activity of the antifusogenic peptide. 

Based upon the knowledge in the art, the fact that the claimed antifusogenic peptides 
conjugated to albumin retained antiviral activity was surprising and unexpected. 

For the reasons discussed above. Applicants respectfully request that this rejection be 
withdrawn. 
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Biophysical Characterization of Recombinant Proteins Expressing the 
Leucine Zipper-Like Domain of the Human Immunodeficiency 
Virus Type 1 Transmembrane Protein gp41 

DIANE C SHUGARS, CARL T. WILD, TERESA KL GREENWEU, and THOMAS J. MATTHEWS- 
Dtp^Tmaa <4 Duke Vninnity MaSkai Center, Diuham, North Carolina 27710 

Rewived 6 June 199S/A<xepted 26 Jantuiy 1996 

"Kp^riMti" t» «^ several cnida] fimctions during tbe Hit <ycle of bumaD im- 

munodefideBti ™w lype 1 (HIV.l). We recenUy reported that virus enUy r«quii«s eof led^ormatiw. oT the 
M V^S";"^ '^/l'^! tnumneMbrane envelope e»ycop«teii. gp41 (C WUd, T. Oas, C 
Duhay. T. GreemreU, T. BaW, Jr, T. G. Oas, C McDaiial. E. Hunter, aiui T. M^athe^rrotnaiL Aai Sd! 

oyrMsed the zipper tDoUT as a tawon partner iritt the monomeric maho^^ing protdn ofBctolftia aHi. 
Hie biophysical properties of this proteii weie charectemed by velodty and eituilibrium sedimeniatioii. sitt 
EKtosion cbramatographj, lieht scatterinj^ and diemiod cross-lialdBg analyses. Results indicate that the 
^Ts^M^rZr::^..^:^ ^^'^ H,"^^? wnJOmerbinE much Jaipr and otker«<se monomerie pto- 
lems mto earwnely stable teuamers. Recombinant proteins contabiing an ahrnine or a serine sabstltutioa at 

"^"^.^ ^^■'"'^ '""'^^ Tlie al^S^ 

and sennMubstituted proteuis behaved as teliameric and monomelic spedes, respectivel,, consistent with the 
Muence of th«e same subsUtodons on the heBcal coiled^wU stmcture of^yntl^fic peptide models. On the 

^^■^ ^ J!?"!.^' ^ ""T** """."^ '^■^ SP** **™^ lanim^tion the leadne 

zii^ donuiin which is ^uated npproidmately 30 residues ftwa the N-tetmina] fasion p 

Envelope uuiltimerizatiDn is thought to be critical lor repli- 
cation of fitsogenic viruses such as human immunodeficiency 
virus type 1 (HIV-1) (Sor reviews, see rtftiences 17, 40, and 
50). OEgoracrization of the viraJ envelope (Env) polypeptide 
precutsor gj)160 is required for the proceisine and intracellular 
transport (16, 17, 21) of a functional Env complex (composed 
of the surfoce glycopiotein gpl20 and the transmembrane pro- 
tein gp41>. This process has been termed assembly otieomer- 
ization and is mediated through gp41 (19, 20), On the smfeces 
of virus particles and infected cdls, gpl20 and ^1 arc found 
noncovdemly associated in multimeric Env compkxes that 
have been variously described as dimen (19, 39, 49), trimets 
(25, 35, 37). and tetramers (19, 37, 39, 40, 45, 49). Virus entry 
also requires mulrimeTtiation of tiie leudne zij^wr-lifce domain 
(15) of gp41 via an intact eoiled-coil structure (10. 11, 18, 51, 
52)ja process recently referred to as ftisogenic oligomeriation 

While the molecular determinants of ihc different types of 

Env oligomerimion have been defined » various degrees, the 

unique nature of the gp41 leudne ziEq»er-[iJ;e motif allows tor 

a racM* rigorous diaracterization. Krst described for eukaiy- 

otic iranscriptional activaiors (28), the leudne zipper consists 
'Of four or five heptad repeat units of hydrophobic Ctfliicaliy 
- leudne or isoleudne) residues located at the first and fourth 

positions of each heptad. The heptad motif gives rise to a-he- 

lices that have been predieied to specifically assodate along a' 

hydrophobic interface to form a coiled-coit structure (12, 13). 

This structuial prediction has been confirmed by X-ray ciys- 

tallogiaphic studies (23. 33) uring synthetic peptides that ac- 
curately model the leudne zipper of the yeast transcription 



factor GCN4. On the basis of secondary structural analyses. 
CaDahet and coHeagues (24) identified a 33-Tesidue repon 
(residues 560 to 592 of HIV-li^ gpisft numbering according 
to reference 31) of gp41 that wras jwedicted to assume an 
ottended amphipathic a-heltn. This region was later shown to 
contain several diaracteristics of the classic leudne zipper (15). 
We have modeled this region using the ^tbetic peptide DP- 
107 (residues 558 to 595 of gpl60) and have shown that this 
region does indeed exhitrit structural components characteris- 
tic of a coiled coil (51, 52). The gp41 ripper motif is h^hly 
conserved among isolates of HTV-l, HIV-2, and the related 
simian imrounodefidency viruses (15, 31). Similar heptad re- 
peat sequences have also been detected in the transmembrane 
envelope proteins of odier families of viruses such as influenza 
viruses (8), paramyxoviruses (4. 5, 8), and eoronaviniscs (3, 8), 
"> a CMiseived functional role for this repon in virus 
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Since leudne rippers have been shown to mediwe dimeriza- 
tion of several DNA-binding Iranscripticm factors (28. 34). it 
has been suggested that the ripper ttomain of gp41 may be 
responsible for mulu'meriiation of HIV-1 Env (15, 24). The 
assembly domain of gpl 60 has been mapped to a 62-residue 
region (residues 584 to 646 of gpl60) located within Che extra- 
cellular domain of gpil and overlaps the last heptad repeat 
unit of the ripper-like motif (20). However, direct involvement 
of this latter motif in Stv assembly oligomerization has yet to 
be demonstrated. In contrast, oligomerizaUon of the gp41 rip- 
per domain has been shown to be critical tor Env muliimer- 
tzation during the virus entry process (10, 11. 18. 51, 52). In 
synthetic peptide models evahiafed by circular didiroism (51, 
52), single helix-disrupting nonconservative substitutions (eg., 
proline w serine) at an invariant isoleudne residue (position 
578) centTBlly located in the gp41 ripper sequence abrogated 
coiled-cofl Eormation, unlike the ease for peptides containing a 



'e substitution (e.g., alanine) at that position. Ftur- 
thermore, the ability of these peptides to assume a coilectcoil 
structure was directly related to their antiviiaj activi^ (Ji, 52). 
HIV-l Env ^ycoproteins containing the same noncoiuervative 
substitutions foiled to mediate cell fusion when evaluated in an 
Env eiepression system, although the synthesis, processing, as- 
sembly oligomerizatton, and cell surface expressfon of the Env 
complexes were unaltered (11, 18, 51), In addition, viruses con- 
taining nonconservative substitutions at that position were un- 
able to undergo membrane fimon and conset}uently ^Ted to 
initiate an infection (II, IS). In related studies by Chen and 
colleagues (10, 11). sin^e proline substitutions at four critical 
isoleudne or leucine residues within the ripper inotif yielded 
similar results. These collecttve findings have led to the 1^ 
pothesis that the coaed-coil stnictuie of the gp41 leucine zip- 
pet motif is involved in the fbnnation of the isogenic oli- 
gomer but not the native prefusogenic oligomer. Such a model 
then is reminiscent of the stnictural transition of an analogous 
sequence in the influenza virus hemagglutiniir envelope trans- 
membrane protein (HA2} Hat occurs during pH-tnduced mem- 
brane fusion, as described recently by Carr and Kim (7) and by 
Bu!loughetaL(6). 

Traditionally ^thetic p^tides have been used to model 
coiled-coil structures in biological systems (34). Despite nu- 
mcrtnis attempts, we have been unable to determine the exact 
oiigomeric state (e.g., dimer, trimer, or tetramer) of the gp41 
leucine zippw region via sedimentation analysis of DP- 107 and 
related synthetic peptiites. As an alternative approach, we have 
expressed this domain as a fusion panner witJi the mononteric 
maltose-binding protein (MBP) of Esehaiehla coli (2), This 
strategy allows for a man- rigorous biophysical characteriza- 
tion, as coiled-coti formation in this context would require 
muttimerizadon of a much larger heterologous protein. To as- 
sess the infiuence of sin^e substitutions at residue 578 on pro- 
tein oligomerization, mutant recombinant proteins containing 
either an alanine or a serine substitution at ttris position were 
also generated. The physical properties of the recombinant 
proteins were characterized by five well-established methods: 
sedimentation vdoci^ and equihlmum ultiaoentrifiigation, 
size exclusion chromatography, light scattering, and chemical 
ctoss-iinicing. The biological properties of these pKOteins were 
also evaluated in an assay for virus-mediaied cell fusion. In 
these studies, the recombinant proteins appeared to accurately 
model the gp41 ctNled-coi! structure. Using these compleroen- 
taiy approaches, we determine the muitimeric valenty of this 
region as expressed as a recomUnant protein and evaluate the 
effects of residue substitutions on pol^ptide oligomertzation. 
Hnally, we discuss potential roEes that the gp41 zipper may 
assume in the virus entry process. 
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. . . B «r ttisiea pro- 
teins- To evaluate the oligomeric properties of the gp41 leu- 
cine ^pper-like domain in ihe context of a protein, this region 
was expressed as a &a^nt fmei 10 the C termiiuu of the 
E. cob' MBP. As dtagianuned in Fig. 1, the leucine zipper 
region lies within the extracellular domain of gp41 and is lo- 
cated approxunateljr 30 residues G terminal to the fusion pep- 
tide domain in the linear gp41 amino 



The recombinant protein MBP107 contains a total of 436 
readues: 3S7 residues encoded by p)*\L-p2 and 49 re»due3 
derived from h^I (Fig. 1). The pMAL-p2 ^Feaor encodes 
MBP (373 residues) followed by a lO-gtutamine residue i5>acer 
and the four-residue feoor Xa digestion site (Be-Ghi-GIy- 
Arg). The ^I-derived region includes 38 residues modeled 
by the peptide DP-lff7 (5^ and an additional S residues N 
terminal and 3 residues C tenninal to the DP-107 region The 
additional N-terminal residues Jei^then tiic plasmid-encoded 
^»acer located between Ute MBP- and gi>41-specific sequences, 
thus permitting die Vision proteins greater flexibili^ to bind to 
the an^ose lesin duiiiig affinity putificatton and potentially 
enabUng the gp41-derived region to adopt an intermolecular 
coiled-coil structure. The protease fector Xa cleavage site al- 
lows the gp41-derived polypeptide to be separated from the 
MBP Aiuon partner foUowing fector Xa digestion p2). As 
by SDS-PAGE (Fig. 2), MBF107 migrates with a 
mass of apptoximatety 50 itDa, consistent with its 
calculated molecular mass of 482 IcDa. 

Also constructed were ISNAs expressing mutant proteins 
that contain a single substitution of either alanine (MBPAIa) 
or serine (MK^) at an isoleuctne residue (1-578^ centrally 
located within the coiled coil (F^ 1). Single point muuttons at 
this position have been shown to alter the biophysical pntper- 
ties of the gp41 coiled coil when modeled as peptides (51, 52). 
MBPAIa and MBPSer also have apparent molecular masses of 
approximately SO fcDa in SDS-PAGE (Fig. 2). As a control, 
DNA encoding only the MBP carrier was generated. The re- 
sultant protein MBPstop encodes 388 residues (387 MBP- 
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derived residues and a Otemun^ glycine residue ^craEed 
duru^ plasmid consbuctian). Its ^parent molecular rn=« nt 

mass of 42.6 IcDa. 



e overexpTESsed in bacEen'al cells follow- 
ing IPTG induoion. The presence of an export signal encoded 
by malE enabled the proteins to be exported into the periplas- 
mie space, a process thought to protnote the native folding of 
bartenally eiqwessed proteins (48). One-step afiinity ehroma- 
_■— jjjgj purify the fusion proteins to S9S% ho- 
is assessed hy SEXS-PAGE followed by Coomassie 

uiuc Haining (Fig, 2). 

Anifysis by velodty Mdlraentation. Recombinant proteins 
were subjected to velocity analytical centrifugation as an inidai 
attempt to determine the oligomen'c state of die gp41 dpper 
domain. In three independent expenment$, varioui concentra- 
tions of the recombinant proteins ((U to 1.2 mgftn! in PBS) 
were analyzed at 25'C and 24/100 rpm. Representative sedi- 
mwitation scans are shown in Fig. 3. Apparent molecular 
wei^ts were estimated from the normalized j coefficients and 
compared with the theoretical monomeric molecular weights 
(T^bkl). ^ 
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MBPlir? 191.610 i 

MBPsWrp 3J-4X) 47,120 ±4,620 

MBPAla 9.0-103 204,470 2:22,430 

MBPSer 4^.4 59,320 i S,220 



In these studies, MBP107 consistently sedrmented at a faster 
rate lh«n MBPstop (compare Rg. 3A and B), The s eoeffidems 
for MBP107 ranged bom 9J to 9.5 and corresponded » an 
average estimated molecular size of 191,600 Da, indicative of a 
tetrameric species (Table 1). In contrast, velocity sedimenta- 
tion of MBPstop resulted in an average s coefficient of 3.6 and 
a correspcHvding apparent molecular size of 47,100 Da, Thtu, 
MBPstop ^edintented as a monomer as lias been previously 
described (2). Simitar results were obtained from velocity stud- 
ies conducted at 32,000 rpm and at 20*C [data not shown). 
Velocity sedimentatton of MBPI07 in the presence of maltose 
did not alter its sedimentation rate (data not shown), indicate 
ing that protein multimerizatiOD occurs through the gp41-de- 
rived region rather than the MBP carrier. 

To detenntne the eSecB of sin^e heln-dimiptii^ (e.g., 
serine) and nan-helix-disrupting (e^, alardne) mutations tn 
the coiled-coil repon on gp41 multimeriiation, recombinant 
proteins containing an alanine (MBPAla) or suine (MBPSer) 
subsUtution at position 578 were also estamined by veiodiy 
sedimentatkw. Representative sedimentation sma of MBPAla 
and MBPSer are shown in Hg. 3C andD, and results from three 
experiments are summarized in Table 1. MBFAIa sedimented 
with s vahicj that corresponded to a tetrameric form, vhUe 
MBPSer sedimented with s values that appronmated those of 
a monomeric species. Therefore, the oligomeric states of these 
mutant proteins are consistent with the abiii^ of these single 
residue changes to affect coiled-coil formation, as has been 
reported for ^nthetic peptide models (51, 52). 



. is by . , 

While the results from sedimentation velod^ e;q)eriment$ 
were suggestive of a tetrameric form fw MBP107, this fusion 
protein was furUier evaluated by the more accurate sedimen- 
tation equiUbrium method. Date collected at multiple protein 
coocentiattons and rotor speeds were fitted initially to several 
models to identify the one diat best described the sedimuiting 
^ecies. Results from these analyses indicated that the self- 
associating monomer-tetramer model best described the be- 
'havior of MBP107, as detemuned by the observed fits to the 
theoretical monomer-tetramer curves (x* values ranged from 
13 X 10" to 4.1 X 10-*) and the random distributjons of the 
fit residuals. As a representative example, Hg. 4 depicts the 
results of fitting the data geneiated by analysis of MBP107 at 
1,5 mgfml (7,000 rpm at 2(rc) to self-assodating monomcr- 
dimer, -irimer, -tetramer, and -dimer-tetramer models. Simul- 
taneous fitting of multiple data sets obtained from analysis of 
MBP107 at ai4 mgtal and five rotor speeds (7,000 to 12,000 
rpm) also confirmed the best fit of the monomer-tetramer 
model (global goodness of fit = 0J663 and randomly distrib- 
uted fit residuals; data not shown). For comparison, MBPstop 
(D.7S mg^l) was also subjected to equtliVium sedimentation 
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analysis under similar conditions (10,000 rpm at 20*C). Data 
were best fitted to those for a single ideal species having a 
calculated molecular weight of 42,544 ()(^ = 3J9 X 10-^data 
not shown), in excellent agreement with its theoretical molec- 
uUr weight of 42,600. 

To determine the relative concentrations of the monomeric 
and tetrameric components of MBP107, monomer-tetramer 
association constants {K^^j^ vrere determined from the absor- 
bance constants obtained at each pt«tein concenfration and 
rotor speed (43). TTie large /Q,^ values (appnaimatc^ 10" 
M" ; data not shown) and tetramer-to-monomer concentra- 
tions (—8,000:1; date not shown) argue that MBP107 exists 
abnost entiTely as a tetrameric species, with very little delect- 
able monomeric componenL The uniSorm, symmetrica] bound- 
ary fronts generated from successive scans of MBP107 during 
velod^ sedimentation (Fig. 3A) also point to a discrete oligo- 
meric ^ecies assumed by this (notein in sohirian. No evidence 
of an intermediate dimeric stete was observed, since data fit- 
ting to a monomer-dimer-twamer model was no better than 
the theoretical fit to the monomer-tetramer model (Fig. 4C 
andD). 

Analysis of filsion protdns by site excludon cbromatagra- 
phy. The recombinant proteins were also evaluated ly siie 
exclusion chromatography to confirm their multimeric states. 
AwJarent molecular wei^ts of the recombinant proteins were 
estimated by comparing dieir elution volumes with those of 
welt-characterized protein stendaids. Data obteined from four 
independent deteiTninattons for each protein are presented as 
averaged values in Fig. 5. 

In these studies, MBP107 eluted as a peak with an average 
molecular ntass of 1S7 kDa (range, 175 to 209 kDa). Tliis 
apparent molecular mass dosefy approximates that of a tet- 
ramer having a theoretical molecular mass of 192,& kDa. To 
confirm that the elution peak of MBP107 does indeed repre- 
sent an oligomeric form, fractions from chromatograpbed 
MBP107 were collected and analyzed by SDS-PAGE (10% 
gel), Single protein bands of approximately SO kDa were ob- 
served in fractions containing the elution peak (data not 
shown). Rechromatopaphing of the peak MBP107 eluu'on 
fraction after stor^ fiir 24 h at 4'C revealed onfy a single 
tetrameric form (data not shown), confirming the stability of 
this protein as an oligomer. In contrast, MBPstop eluted as a 
single peak with an average molecular mass of 41 kDa (range, 
40 to 43 kDa), consistent with the monomeric state of this 
protein (2). 

The mutant fusion proteins were similarly analysed by 
FPLC Tlie elution peak for MBPAla conesponded to an av- 
erage molecular mass of 217 kl>a (range, 209 to 222 IcDa), 
while its serine-substituted counterpart MBPSer eluted as a 
single peak with apparent average mcdecular mass of 45 kl>a 
(range, 44 to 49 kDa). TTius, MBPAh and MBPSer behave as 
oligcMneric and monomieric species, respectively, consistent 
with results obtained from analytical ultracentrifugatiorL 

Light scattering analysis. Dynamic light scattering was used 
as a complementaiy medaod to estimate the apparent molec- 
ular masses of MBP107 and MBPstop, This technique mea- 
sures the translational di&sioti coefficient of polypeptides, 
from uiiidi the hydrodynamic (Stokes) radius can be calcu- 
lated. For these proteins, date from three to five independent 
determinations were best fitted to either monomodal or bi- 
modal Gaussian distributions, depending on the number of 
components deiectaUe in the sample (Table 2], 

The MBPIOT sample contained a predominant spedes of 
189 kDa thai represented the vast majori^ (>99%) of the 
sample composition and catie^nded ro a tettameric form. In 
contrast, MBPstop was present as a single monomeric spedes 
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with an ^jparem molecular mass of 41,4 kDa. These results are 
in good agreement with those obtained froni analytical ultra- 
centrifiigaiion and siie exclusion chromatography. 

Clwiaical cross-linldne analysis. To further denmnstiate its 
otigomeric form, MBP107 was treated with the irreveisible 
chemical cross-linker ECS, and the products were resoled by 
SDS-PAGE (Fig. 6). The results suggest the presence of four 
major species at the lowest cros^l^nke^ concentration (lane 
Q, with an apparent molecular size of the largest form 
(208,000 Da) consistent with a tetramer. At the highest level of 
cross-linlcer, flw tetrameric form predominates the elearo- 
phorettc profile, with lltUe evidence fbr monomeric or inter- 
mediate comptexes (lane F). This result is consistent with the 
earlier experiments and indicates that the major oligomeric 
^ecies of MBFI07 Is tetrameric 

Andictrovlral actiinty. To determine whether the recombi- 
nant proteins exhibited antiviral activj^, these proteins were 
evaluated in a HIV-l-nwdiateil cell fusion assay (52). Since the 
gp41.derived sequences in these proteins tat 11 residues 
longer than the 38-residue DP-107 peptide sequence (Fig. 1), 
peptides corre^nding to the 49-residue gp41-sped6c se- 
quences of the recombinant proteins were also s^thesized and 
evaluated to canlinn ttte antiviral activity of each of these 
slightly longer peptide sequeitces. 

As summarized in Table 3, none of the fusion proteins in- 
hibited synqytium formatioo in the cell fusion assay when as- 
sessed at the highest concentrations tested. However, both the 
wiid-^ peptide DP-280 and the parent peptide DP-107 in- 
hibited 90ft of sywytitun iormation at 8 fig/ml (1.4 M) and 7 
ti.g/m\ (1.6 (iM). respectively. The alanine-containmg p^de 
DP-291 also demonsttated inhitritoiy activity, whik ihe serine- 
containing peptide DP-290 feiled to exhibit antiviral activily at 
the highest concentration tested. These results are consistent 
with previously published results obtained with tiie shorter 
DP-107 peptide and related analogs (51, 52) and demonstrate 
ttie inhlWioty aetivi^ of the sligjitly longer peptides whose 
gp41-derive<} sequences are represented in the reconUHitant 

As shown in Table 3. the MBP107 and MBPAla proteins 
lacked biolopcal activity hi the ceD fusion ass^. Althou^ the 
reason for this is undear, the results were not unexpeaed since 
the MBP carrier represents ^proximate^ 90% of the total 
protein mass and may stertcally hinder the accessibility of the 
gp41 region for its target site. Preliminary attempts to cleave 
the wiW-^ gp41-derived polypeptide firom the MBP carrier 
by using bctor Xa have resuhed in on^ 5 to 10% effeuive 
cleavage (unpubli^ed observations). Other investigators have 
also reported difficulties in cleaving MBP-based recondiinant 
proteins with fector Xa (42). Further experiments will be re- 
quired to optimize the conditions under which complete foctor 
Xa cleavage occurs. These conditiotts will most likely require 
modification of the ^acer re^n to a less structtired sequence 
(42) and denaturatton as the deaved polypeptide appears to 
leassodaie with the analogous region on intact fusion proteins 
•• (unpublished (Aservatioiis). 

DISCUSSION 

In a previous study, we reported that synthetic peptide mod- 
els of the predicted gp41 leucine zipper sequence assumed a 
coiled«)i] oligomeric ^rucnire in isotonicsaline at neutral pH 
(52). The proto^e peptide, DP-107, contained 38 residues 
and four beptad repeat units of the putative leucine zipper 
motif. As analyzed by citcatar dichroism, Uie peptide model 
(10 \iM) adopted a stable sinicture which exhibited approxi- 
mately 85% helidti' and had a melting temperature of at^rtn- 



imacely 72'C The melting temperature was also dependent on 
peptide concentration, suggesting that the helices were strin- 
lized by assodation of peptide subunits to form coileiroa 
oligomers, consistent with peptide models of an unrelated 
leudne apper motif (34). Nevenheies!, we were unable to 
define the exact oligomeric state determined by the a>41 zip- 
pw motif with the ^thetic peptide mimics, aldiough a recent 
study by Rabenslein and Shin conduded from sedimentation 
equilibrium experiments that DP-107 existed as a tetramer 
(41). In the current study, we have attempted to resobe this 
question by using recombinant proteins en^neered to contain 
the gp41 zipper sequence at their C termini, reasoning that 
such larger proteins woukJ be more amenable to size analysis 
by the physical tedmiques used here. Moreover, such reagents 
serve as a more rigorous test of the potential of the gp41 zij^er 
domain to orchestrate oligometimtion of structures with con- 
siderably more protein mass than the shorter synthetic pep- 
tides studied earlier. 

Recently, Bernstein and colleagues (1) reported a similar 
approach in which the leudne apper motif was expressed at 
the C terminus of a staphylococcal protein A (SpA) fusion 
protein. It was dearly demonstrated in this latter study that the 
gp41 beptad repeat sequence directed stable oligomerization 
of the SpA fusion protcm as either a tiimer or tetramer. A 
more precise definition of the mutlimeric state was not possiUe 
because of the asymmetry of SpA. In contrast, MBP is known 
to assume a spherical stru^re in solution (47). In agreement 
with these predictions, the MBP control protein (l^Pstop) 
yielded size estimates dose to theoretical by each of the tech- 
niques used (Tables 1 and 2, 5. and data not shorn). The 
more ideal behavior of MBP then raises confidence in the 
t estimates of MBP-based fosion proteins that 
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OTntain the wil<I-type gp41 heptad repeat (MBPIOT). As de- 
scribed in this report, characterization of MBP107 yielded mo- 
lecular weight values consistent widi tetrameric structures by 
all techniq[u« used. This protein appeared to be monoiJis- 
perse, with liule or no evidence of numomeric, dtnteric, or 
trimeric intermediates. This lindins is consbcent with the veiy 
hi^ K^i^ vahies as estimated by sedimenlaUon equilibrium, 
which predicts inonpnier-to-teeran>er ratios of only 1 to ap- 
proximately 8,000 at the concentrations studied. Similar and 
even higher equilibrium constants were obisined by Raben- 
stein and Shin Jw the DP- 107 peptide model (41). If monomer 
or diraer intermediates were present, then th^ vrould be bekw 
the limits of detection associated vaA these techniques;. The 
results strongly aigue that the ^1 heptad repeat sequence 
self-assodates into extremely stable tetrameis which can best 
be defined aoondiitg lo a tetrameric coHed-cotl structure. 

Previoui studies have demonstrated that multimerizatioo 
events mediated through the gp41 zipper motif are critical for 
virus entry but not for Env assembly into oligomeric complexes 
(10, 11, 18, 51, 52). The lack of invohement of this region in 
oligomerization of the native envelope was initially puzzling 
given the stable muJUroeric structures assumed by die peptide 
models. This apparent anomaly is further ampHfied in view of 
the results presented in this report and those of Bernstein et al. 
(1) which demonstrate that the heptad repeat sequence of the 
gp41 ectodoraain is sufficient to dirwt the stable oHgomeriza^ 
tion of large and otherwise montwueric proteins such as SpA 
and MBP. One model thai reconciles these various findinp is 
based on structural transitions in the analogous Mvelope com- 
ponent of the transmembrane envelope gtyooprotein (HA2} of 
Influenza virus. Carr and Kim (7) and Bulloti^ et ai. (6) have 
recently shovra that a region in HA2 (residues 55 to 76 [6)) 
which does not participate in the trimeric coiled-coi) stetn 
structure in the native envelope state undergoes a structural 



ted with membrane fusion. This site on HA2 'a 
ly 20 residues C lemiinal to the HA2 fusion peptide se- 
quence, which is the same relative position as the grtl heptad 
repeat and fusion peptide sequences (Fig. 1) (31). In an earlier 
rcpon {51), vre also argued that the gp4l ajqier domain exists 
in more than one e»nfigurat9on during the virus life cycle. 
During the assembly and natwe states of HIV-1 Env, this 
region of fpAl is probably not a coiled coH but rather an 
undefined structure in which the individual heptad repeat se- 
quences are held apan; perhaps through interactions vrith 
H>120 or other regions of gp41 (9). This hypothesis is amK- 
tent with both mutational experiments whid) suggest no rote of 
the gpil zipper in the oligomerization events that occur during 
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. (U, 18, 51, 52) and deletion ^cperiments that 
point to sites C tenninal to the z^jper re^on as playing the 
major itrfe in Eirv assembly oligomerization (20). Therefore, 
reorientation of the heptad repeat sequcnc« into stable coiled 
coils as noted here most likely occms as an (*Bgatc step as- 
sociated with membrane fusion. 

Since our experiments strongly suggest a tetrameric struc- 
ture for the gp41 zipper-like domain, we also believe it pwsOile 
that gp41 as a whole is a tetramer in its fusion-competent state. 
However, there is good evidence that the HIV-1 Env precursor 
gpl60 exists as a dimer shortly after its ^thesb and during 
transport to the cell surface (19. 21, 39, 49). j^n, the gp41 
ripper region does not appear to contribute to formation of 
this early complex (11, 18, 49, 50). The oligomeric status of the 
native Env folknvii^ cleavage to EpUO and gp41 is not as 
certain, as dimeric (19, 39, 49), trimeric (25. 35, 37), and tet- 
rameric (19, 37, 39, 40, 45, 49) forms have been reported. 
Neveitiieless, it is interesting to speculate that the oligomeric 
state of HTV-l Env is not constant throughout the virus life 
cycte. Rather, Env may b«t be represented as a dlmer during 
early morpbc^ene^ stqs and periiaps even io the native state 
but as a bigber-order oligomer in the fusogenic state, the state 
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in which the heptad repeat coilwtwil oligomer is most iikely 
fbnned (U, 18, 51, 52)1 Such a situation would thus be more 
complicated than that for the influenza virus model, which 
involves trimeric forms in each of the assembly, native, and 
fusogenic configuraUons of HA2 (6, 7. 53). Bcperiments are m 
progrea to further address these questions and better define 
the oIi£omeric status of the DP-107 coiled-CMl regiwi as it 
exists within sp*^ than as isolated heptad repeats. 

Several consequences may occur as a tesutt of gp41 heptad- 
mediated oltgomerization during virus entry. As has been pro- 
posed for influenza virus HA2, coilcd-coil fonnation may re- 
sult in the release of the N-iermiral fusion peptide sequence 
for subsequent insertion into the target membrane (53), the 
recnatment of neighboring gp4l molecules into a growing fi>- 
sion pore (46), and/ot the dose apposition of viral and eelluUr 
membranes [55). More recent studies also suggest that the 
heptad repeat repon defined by DP-107 may be directly in- 
vohred in binding to the tiost cell membrane (41). The recom- 
binant proteins described in this study should jawc valuable as 
reagents in defining the contribution of the Bp41 zipper re^on 
to the complex entry process. Independent of issues related to 
HIV-l Env structure and (unction, the results shown here 
dearly demotistrate that the leucine lippcr motif of gp41 can 
be combined with other protein sequences to yield very stable 
and homogeneous tetiameric chimeras. Such complexes ratght 
be of interest in a number of applications in which it is desir- 
able to increase the valency and avidity of various proteins. 
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